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EXECUTIVE SUMMARY

This study concludes that implementation of Automatic Collision Avoidance Systems (Auto-
CAS) in F-16, F/A-18, F/A-22, and F-35 aircraft would save aircrew lives and preserve, and
enhance combat capability.

In May of 2003 Secretary of Defense Rumsfeld established a goal of 50% reduction in
Department of Defense mishaps. To accomplish this goal Dr. Chu, Undersecretary of Defense
for Personnel and Readiness established a Defense Safety Oversight Council (DSOC). The
DSOC further chartered nine Task Force teams targeting multiple areas where mishap reduction
could occur. One task force, the Aviation Safety Improvement Task Force (ASI TF) was
chartered with reducing aviation mishaps. The ASI TF formed IPTs and working groups to
assess aviation mishaps and recommend feasible and effective mitigation strategies. The Safety
Technology Working Group (STWG) was the ASI TF working group charged with identifying
technological mitigation strategies for aviation mishap reduction. This report is the result of
efforts by the ASI TF STWG in assessing technological solutions to ground and airborne
collision mishaps.

The historical record for United States Department of Defense (DoD) aviation assets
demonstrates that eontrolled flight into terrain (CFIT) is the leading cause for loss of lives, lost
combat capability and dollar cost. Additionally, midair collisions (MIDAIR) rank as the fifth
most costly type of mishap in terms of lives, lost combat capability, and dollars (Reference 1).
Likewise CFIT and MIDAIR mishaps have been particularly costly to the DOD fighter/attack
(F/A) aircraft community. In the fiscal years 1992 to 2004 USAF, USN, and USMC F/A CFIT
and MIDAIR mishaps accounted for 86 pilot fatalities and approximately 9 squadrons (161) of
destroyed F/A aircraft ($3.7B in aircraft assets). To put this in context, about 28% of all
USAF/USN/USMC pilot fatalities, and 23% of all destroyed aircraft in the fiscal years 1992 to
2004 were due to CFIT and MIDAIR mishaps.

The primary means to mitigate these losses in the past have been training and collision warning
technologies (i.e., GPWS, TAWS, LASTE, PGCAS & TCAS). Training has had some success
in reducing CFIT and MIDAIR rates in the past, but reductions in the rates have long been
stagnant and no large improvements from training are envisioned for the future. Ground
Collision Avoidance Systems like the Navy's Terrain Awareness Warning System (TAWS) in
the F/A- 18 and the Air Force's Predictive Ground Collision Avoidance System (PGCAS) in the
F-16 provide timely warnings and directions on avoiding CFIT. However, both the Navy TAWS
and the AF's PGCAS are manual systems requiring the pilot to maneuver the aircraft to avoid the
collision. These systems may have had some success in reducing CFIT mishaps, but the
magnitude of their improvement is not enough to achieve statistical significance. The human
being is now the limiting factor because he or she cannot always recognize a warning or respond
appropriately to prevent a mishap.

Airborne Collision Avoidance Systems for civilian aircraft have been developed that use
cooperating radar beacon transponders to provide traffic advisories and recommended escape
maneuvers. The current version used by civil and some military cargo/passenger aircraft is the
Traffic Alert and Collision Avoidance System II (TCAS II). Both the Air Force (Enhanced
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TCAS) and Navy (MCAS) are pursuing extensions of the TCAS methodology for more
demanding tactical operations but all of these are manual systems and, just as in the Ground
Collision Avoidance Systems above, the human operator is now the limiting factor.

Any future substantial reductions in F/A CFIT and MIDAIR rates require extending the collision
avoidance technology to systems that not only warn the pilot but also take control and fly the
aircraft out of danger before returning control to the pilot. The Air Force has developed and
extensively tested on the F-16, the Automatic Ground Collision Avoidance System (Auto-
GCAS). The Air Force Materiel Command (AFMC) has validated Auto-GCAS as a mature
technology (Reference 2). The Navy is exploring expanding the capability of TAWS to include
Auto Recovery, which will automatically recover the aircraft and return control to the pilot.

A prototype Automatic Airborne Collision Avoidance System (Auto-ACAS) to reduce MIDAIR
mishaps was successfully flight tested in 2003. That system was developed by the Air Force
Research Laboratory (AFRL) building on their Auto-GCAS experience. The principles and
technological feasibility have been demonstrated; however, additional work remains to fully
develop and integrate onto specific platforms tailored to specific mission requirements.

Projections of savings in lives, airframes, and dollars that Auto-CAS could provide to the F/A-
22, F-35, F-16, and F/A-18 fleets were calculated by applying historical CFIT and MIDAIR rates
to the estimated remaining service life for each aircraft type. These estimations will be
conservative if any extension of service life is applied to one of these airframes because
extensions will increase the exposure of the fleet to mishaps. Service life extensions would serve
to make the case for these Auto-CAS systems even more compelling. The estimated savings for
the F/A-22 over the fiscal years 2011 to 2035 are about 7 pilots and 13 aircraft ($1.6B in aircraft
assets). For the USAF F-35 the savings over the same fiscal years amount to 52 pilots and 102
aircraft ($4.1B in aircraft assets). If Auto-CAS were fully implemented on the F-16 in the fiscal
years 2011 to 2025 an estimated 13 pilots and 26 aircraft ($924M in aircraft assets) would be
saved. Projections for the F/A-18 over the fiscal years 2008 to 2032 show that 6 pilots, 8 aircraft
($665M in aircraft assets) would be saved.

In summary, if completely implemented on the four fighter/attack aircraft, Auto-CAS could save
approximately 78 pilots and 150 aircraft ($7.31B in aircraft assets) while corresponding
implementation costs are estimated as 1.07 billon dollars. The resulting return on investment
(ROI) is at least $6 to $1. These numbers argue very strongly for fielding Auto-CAS in all F/A-
22 and F-35 aircraft and possibly later models of F- 16 and F/A- 18 aircraft. If Auto-CAS is not
implemented on these four aircraft, the losses to CFIT and MIDAIR mishaps will roughly
average 4 pilots and 7 aircraft ($330M in aircraft assets) a year for the F/A community.

Given the projected substantial savings with an ROI of at least $6.8 to $1 in aircraft assets and at
least 78 pilot lives, it is recommended that a Joint Auto-CAS policy and program be established
that would:

a) Initiate a risk reduction program to refine the requirements for, and integrate, Auto-CAS into
F/A aircraft.
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b) Establish overarching and top-level functional requirements for automatic collision avoidance
systems.

c) Direct the services to integrate Auto-CAS capabilities in F/A-22, F-35, F-16, and F/A-18
aircraft leveraging Auto-GCAS, US Navy TAWS, Auto-ACAS, and other civil and military CAS
development efforts.

d) Continue integrating manual systems into platforms where automated systems are not
practical.
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I. ASSUMPTIONS
The historical data used in this study will include only Class A mishaps in Air Force, Navy, and
Marine fighter/attack aircraft in the fiscal years of 1992-2004. Class A mishaps are those that
resulted in loss of life or over $1,000,000 in damage.

The study will only cover mishaps that could be prevented by Automatic Collision Avoidance
Systems (Auto-CAS). To properly identify all the mishaps that Auto-CAS could prevent
requires reviewing military aviation safety databases primarily for mishaps that have been
designated as controlled flight into terrain (CFIT) or midair collision (MIDAIR). Besides CFIT
and MIDAIR mishaps, there have been mishaps in which the F/A pilot suffered from G-induced
loss of consciousness (GLOC) leading to crashes into terrain, which an Auto-CAS could have
prevented. A fourth category of mishap, loss-of-control in-flight (LOCI), was found to contain
some mishaps that Auto-CAS could have prevented.

In November 2004, the Aviation Safety Improvement Task Force, consisting of representatives
from all the services, adopted standard definitions to be used by the services in classifying
aviation mishaps. Those definitions appear in Attachment 1 and the main ones of interest for this
study now follow.

CFIT is defined as collision with terrain, water, trees or a man-made obstacle during flight prior
to planned touchdown. CFIT includes mishaps where the aircraft or unmanned aerial vehicle
(UAV) is controllable and the pilot is actively controlling the aircraft/UAV or the pilot's ability
to control the aircraft/UAV is reduced due to spatial disorientation (SD). CFIT also includes
mishaps where the aircraft/UAV is flown in controlled flight to a point where it is no longer
possible to avoid unintended ground impact (e.g., attempted maneuver with insufficient altitude
or airspeed, low altitude over bank or flight into a box canyon), regardless of subsequent pilot
reaction (e.g., add power, maneuver to avoid terrain, etc.).

Midair collision (MIDAIR) is defined as collision between aircraft or UAV when intent for flight
exists. It includes inadvertent contact during formation, takeoffs and air-refueling operations.

The physiological (PHYSIO) type of mishap is defined as injury, illness, or abnormal symptoms
experienced by aircrew or others as a result of the dynamic flight environment. It includes
spatial disorientation that does not result in MIDAIR or CFIT, as well as all G-induced loss of
consciousness (GLOC), hypoxia, and other physiological events.

Pilot loss of control in-flight (PLOCI) is defined as aircrew failure to maintain control of the
aircraft or UAV while in flight. It includes mishaps resulting from failure to control the
aircraft/UAV during flight, when that loss of control is not primarily related to environment,
weather or any system failure. PLOCI includes departures, stalls and spins but it also includes
some non-stall spin events. Before the standardization of this definition in November, 2004, this
type of mishap was often coded in data bases as loss of control in-flight (LOCI). While it would
appear from this definition that PLOCI or LOCI coded mishaps should not be considered for this
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study, careful scrutiny of some of those mishaps have shown a few that an Auto-CAS could have
prevented and which probably should have been listed as CFIT or MIDAIR mishaps.

For the rest of the report the term "CFIT" will be used generically to denote those CFIT,
PHYSIO, PLOCI, and LOCI F/A mishaps that could have been prevented by an Auto-CAS
system.

II. DESCRIPTION OF THE CURRENT SITUATION

A. THE HISTORICAL RECORD

Historically CFIT and MIDAIR mishaps have cost military aviation a great deal in lives and
money. The need to reduce CFIT and MIDAIR type mishaps has been studied and reported on
by both civilian and military safety organizations many times in the past.

Table 1 is from Air Force Safety Center and Naval Safety Center data of F/A aircraft for the
fiscal years (FY) 1992 to 2004. The table compares F/A CFIT and MIDAIR mishaps to all Class
A mishaps. See Attachments 2 and 3 for the complete data sets.

Table 1
Joint Fighter Attack CFIT and MIDAIR Mishaps Comparison to All Class A Mishaps

USAFIUSN/USMC FLIGHT MISHAPS FY92-04 ALL AIRCRAFT AIR FORCE NAVYIMC JOINT
Total Class A Mishaps 406 442 848
Total All Fatalities 362 421 783
Total Pilot Fatalities 126 179 305
Total Destroyed Aircraft 319 385 704

Total Flight Hours 29,491,960 20,758,952 50,250,912

FIGHTER/ATTACK ** COMBINED CFIT AND MIDAIR MISHAPS FY92-04

F/A All Class A Mishaps 246 249 495
F/A CFIT and MIDAIR Mishaps 85 53 138
F/A All Fatalities CFIT and MIDAIR Mishaps 77 71 148
F/A Pilot Fatalities CFIT and MIDAIR Mishaps 51 35 86
F/A Destroyed Aircraft CFIT and MIDAIR Mishaps 101 60 161
F/A Flight Hours 9,230,593 6,254,929 15,485,522
F/A CFIT and MIDAIR Mishap Cost (Aircraft) $1,903,494,388 $1,845,728,883 $3,749,223,271

FIGHTER/ATTACK vs. ALL COMPARISONS (PERCENTAGES)
F/A Class A Mishaps vs. Total Class A Mishaps 60.59% 56.33% 58.37%
F/A CFIT and MIDAIR Mishaps vs. Total Class A Mishaps 20.94% 11.99% 16.27%
F/A CFIT and MIDAIR Fatalities vs. Total Fatalities 21.27% 16.86% 18.90%
F/A CFIT and MIDAIR Pilot Fatalities vs. Total Pilot Fatalities 40.48% 19.55% 28.20%
F/A CFIT and MIDAIR Destroyed Aircraft vs. Total Destroyed Aircraft 31.66% 15.58% 22.87%
F/A Flight Hours vs. Total Flight Hours 31.30% 30.13% 30.82%

***Air Force: A-7, A-10, F-15, F-16, F-117
***Navy/Marine Corps: A-4, A-6E, AV-8B, EA-6B, F-5E, F-14, F/A-18
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The consequences of CFIT and MIDAIR mishaps are almost invariably destroyed aircraft and
about 53% as many fatalities as the number of aircraft lost. The fatality rate is much higher in
CFIT mishaps than it is in MIDAIR mishaps. For example, for FY92-04, 161 aircraft were
destroyed and 86 pilot fatalities occurred in Air Force and Navy/Marine F/A CFIT and MIDAIR
mishaps (Attachments 2 and 3). Table 1 clearly demonstrates the magnitude of the problem with
about 28% of all USAF/USN/USMC F/A pilot fatalities and 23% of all their destroyed aircraft
attributable to CFIT and MIDAIR mishaps, as well as more than $3B in lost aircraft assets.
Later in this study, we will analyze the costs and benefits of Auto-CASs in F-16, F/A-18, F/A-
22, and F-35 aircraft, and demonstrate that scores of lives would be saved and billions of dollars
would be preserved.

B. COMMON MISPERCEPTIONS REGARDING CFIT AND MIDAIR MISHAPS

There are three common misperceptions that are frequently used to argue against installing Auto-
CAS in F/A aircraft. The first is that only young, inexperienced pilots are involved in CFIT and
MIDAIR mishaps. The second misperception is that recent flying experience is an important
indicator of likelihood of being involved in a CFIT or MIDAIR mishap and the third is that by
not flying at low altitudes the CFIT mishap rate will go down dramatically. The actual data on
these mishaps would indicate otherwise. A detailed and statistically rigorous study entitled
"Controlled Flight Into Terrain & Mid-air Collisions, Pilot Experience, Recency & Tactical
Change" was recently completed by the Human Effectiveness Directorate, Air Force Research
Laboratory (AFRL/HE). This study compared the recency and total flight experience of all
USAF F/A pilots with the recency and total flight experience of USAF F/A pilots involved in
both class A CFITs and mid-air collisions (MAC) to determine if there is any discernable
predilection toward inexperience or lack of recency. The study also compared the CFIT rates of
F- 16 pilots before and after the cessation of low altitude weapon delivery training to determine if
stopping that training had a significant effect on Class A CFIT mishaps in the F-16 fleet. The
study concluded "Increasing 90-day recency, total time, or the cessation of the use of iron bombs
in the F-16 has had no effect on USAF F/A class A CFIT rates. Increasing 90-day recency or
total time had no effect on USAF F/A MAC rates." The abstract of this study appears in
Attachment 4.

The results of the AFRL/HE study regarding currency reinforces and validates the findings of a
report entitled "Epidemiology of USAF Spatial Disorientation Aircraft Accidents, 1 Jan 1958-31
Dec 1968", Barnum and Bonner, Aerospace Medicine, August 1971 (Reference 3). The report
states, "In our study, there was no evidence that individuals who had flown very few hours in the
90 days preceding their accident were any more likely to become spatially disoriented than
individuals who had flown the normally expected number, or more, of hours."

None of the perceptions against installation of Auto-CAS have ever been validated by statistical
study. In fact studies indicate the arguments against Auto-CAS are baseless.
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C. Auto-CAS IS MILITARY CAPABILITY

Safety equipment is often perceived as a competitor for funding which adds no combat capability
and therefore, when money is tight, it is often ranked below the funding line. This approach
usually ranks aircraft, bombs, bullets, etc. ahead of survival equipment and ignores the potential
preservation and enhancement of military capability that these systems can provide. Military
capability is defined in Joint Chiefs of Staff Publication 1 as the "ability to achieve a specified
wartime objective (win a war or battle, destroy a target set). It includes four major components:
force structure, modernization, readiness and sustainability."

Auto-CAS preserves force structure by reducing attrition of pilots and aircraft. DoD can either
buy excess capability (pilots and aircraft) to account for CFIT and MIDAIR attrition or conserve
your assets by prevention of these mishaps. For the humans involved the latter approach is
preferred.

Auto-CAS modernizes forces and allows more realistic training in the interdiction, close air
support and air superiority missions. Auto-CAS provides a new capability to fully exploit the
low altitude environment and engage in potentially disorienting conditions with safety. It also
permits training of pilots for operations in the low altitude environment with less investment of
time and resources at reduced risk. Another new capability provided by Auto-CAS is automatic
deconfliction of manned and unmanned aerial vehicles operating in the same airspace.

Auto-CAS improves readiness and sustainability by reducing attrition due to preventable
mishaps. Fewer replacement pilots need to be trained and replacement aircraft acquired thus
allowing a unit to continue to fight for a longer period before requiring re-supply.

D. CFIT AND MIDAIR MITIGATION

To identify current CFIT and MIDAIR mitigation options, there are three areas to examine:
policy, training, and technology. The STWG will not make recommendations to change policy
or training because they are outside the scope of this study. The STWG will only look at
technology solutions and the policies that affect them.

There are policy precedents for requiring collision avoidance system technology in
passenger/cargo aircraft, by the FAA, the USAF, and the U.S. Navy.

FAA Final Rule [4910-13] requires a Terrain Awareness and Warning System (TAWS) be
installed on turbine-engine aircraft configured for 6 passengers or more by 29 March 2005. A
description of TAWS follows shortly.

Following the CT-43 crash in Croatia in April 1996 in which Secretary of Commerce Ronald H.
Brown died, a USAF/XO Memorandum in March 1997 was issued on implementation of the AF
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Navigation and Safety Master Plan. This memorandum directed all passenger and troop carrying
aircraft to have a TAWS by FY2005.

The Naval Aviation Policy on Aircraft Safety Systems Avionics (9 November 1999) stipulates
the CNO policy for acquisition and installation of both Ground Proximity Warning System
(GPWS) and CAS safety systems on naval aircraft. The Navy's GPWS Operational
Requirements Document (ORD, Serial #555-88-00, dated 5 May 2000) governs the continuing
direction of GPWS integration in Navy/Marine Corps aircraft, as well as the evolutionary
insertion of advanced technologies (including auto recovery systems) that expand or enhance
protection against CFIT. To date, GPWS has been installed on over 1,500 Navy/Marine Corps
aircraft, including the F/A-18 and AV-8B, and tailoring is underway for the EA-6B.

The Secretary of Defense issued a memorandum in July 2003 challenging the Services for a 50%
reduction in preventable aviation accidents. This report clearly demonstrates that an acquisition
policy directing all F/A aircraft, now and in the future to have an Auto-CAS would go a long
way toward achieving that reduction in preventable aviation mishaps.

Additional support for acquisition of Auto-CAS comes from the Aerospace Medical Association
(AsMA), the internationally recognized authority in aerospace medicine. As recently as 10 May
2005, AsMA passed the following resolution, which is now being considered for adoption by the
American Medical Association.

AEROSPACE MEDICAL ASSOCIATION
RESOLUTION 05-01

PREVENTION OF CONTROLLED FLIGHT INTO TERRAIN (CFIT) MISHAPS IN
AIRCRAFT WITH ELECTRONIC FLIGHT CONTROLS

THEREFORE BE IT RESOLVED: That all aircraft with digital electronic flight controls should
incorporate completely automated systems that prevent collision with the ground.

The AsMA passed this resolution following a year of intensive study. AsMA concluded that
significant numbers of lives could be saved by requiring aircraft with digital flight control
technology to incorporate automatic systems designed to prevent CFIT. The AsMA consists of
aviation and aerospace medicine physicians, pilots, engineers, nurses, military officers,
technicians, airline medical directors, members of national aviation regulatory bodies (such as
the FAA and JAA) from over eighty countries. The overwhelming majority vote of more than
95% of the Association members in attendance for adopting this resolution reflects a high degree
of agreement with this point of view. This resolution has generated both interest and support
from the US Senate. In addition, it led HQ USAF XOR to comment that the Air Force plans to
install Auto-GCAS on both the F/A-22 and the F-35.

When we look at current technology there are a plethora of options. In many mishaps where no
definitive cause is found, the need for advanced information systems on aircraft is highlighted.
These systems would provide critical data after a mishap to determine causes and enable
proactive prevention programs like the Military Flight Operations Quality Assurance (MFOQA)
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program. MFOQA will bring real benefits to the AF and Navy standardization and evaluation
(STAN/EVAL, NATOPS) programs, allowing trend analysis and earlier discovery of potential
problems but it is just now getting started and it will not prevent most CFIT and MIDAIR
mishaps.

Another area where technology might help is in fielding spatial disorientation trainers and
research into sensory support systems like the tactile vest. These systems are still experimental
and have never been shown to offer any mishap prevention value.

The most useful technologies for CFIT prevention deployed to date have been terrain warning
systems. The commercial sector has been developing ground proximity warning systems
(GPWS) for over 40 years and, as mentioned above, the FAA now requires TAWS on all turbine
powered aircraft carrying six passengers or more. Civil aviation has yet to see a CFIT involving
an aircraft equipped with the 4 generation GPWS known as the Terrain Awareness and
Warning System (TAWS). Because the commercial sector's flight regimes are much less
dynamic compared to military tactical aircraft, the military has developed its own tactical ground
collision warning and avoidance systems which are optimized for F/A operations.

Terrain avoidance systems have been under development by the DoD since the early 1950's.
Early systems focused on altitude clearance and used radar and barometric altimeters to give
clearance plane and descent after takeoff warnings. The next generation incorporated navigation
information from radar, radio navigation, and inertial navigation systems to determine the three-
dimensional position relative to the earth with ever increasing precision. TAWS uses the Global
Positioning System (GPS) to update an inertial platform and provides three-dimensional position
to within a few meters of the aircraft's actual position. Parallel in time with the development of
accurate positioning systems has been the movement from maps and charts requiring pilot
interpretation to electronic map displays generated from very detailed and accurate digital terrain
databases. Combining the position information with the terrain database and some computing
power provides a robust, predictive warning system of impending CFIT to the pilot. Examples
of these systems have been tested and are now found in some F- 16 and F/A- 18 aircraft.

The Navy has been working for over 14 years on ground proximity and terrain awareness
systems. These have evolved from the Ground Proximity Warning System (GPWS), which
initially relied on a radar altimeter providing protection primarily over level terrain and water,
into a Terrain Awareness Warning System (TAWS) utilizing GPWS, digital terrain data and GPS
to provide a forward looking capability with warnings given about all terrain including
mountains. The Navy GPWS and TAWS are back-up safety systems, providing directive cues to
the pilot but relying on the pilot to fly the aircraft to safety. The GPWS was fielded on the F/A-
18 in 1996 and on the AV-8B in 1997. Both aircraft have seen a downward trend in CFIT
mishaps since the incorporation of GPWS (see Attachment 7). In addition, the F/A-18 has
documented two "saves" attributed to the GPWS.

The Navy's TAWS compares the calculated height above terrain to a digital terrain elevation
database and provides protection in all terrain environments, including rising terrain. The
TAWS algorithm uses available aircraft information for protection computations, which are then
fed into the platform computer that hosts TAWS. Warnings are sent to the pilot via the available
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